The International Caries Detection and Assessment System (ICDAS) was developed as a standardized system based on evidence that should lead to better quality information to enlighten decisions about the appropriate diagnosis, prognosis and clinical management of dental caries at both the individual and public health levels [Pitts, 2004] . The ICDAS has been shown to be reproducible and accurate [Jablonski-Momeni et al., 2008] and to allow the detection and assessment of early lesions and longitudinal follow-up [Burt et al., 2006; Ekstrand et al., 2007; Finlayson et al., 2007; Ismail et al., 2007 Ismail et al., , 2008 Sohn et al., 2007; Cook et al., 2008; Jablonski-Momeni et al., 2008; Varma et al., 2008] . As originally conceived, the ICDAS is a 'wardrobe' of validated tools that should allow users to select the best criteria and conventions for a specific use [Pitts, 2004] . To date, no studies have reported on how this 'wardrobe' system can be used with some of the technology-based caries detection methods currently available. The combination of the ICDAS with a technology-based method has the potential to bring forward the best characteristics of each method.
One of the nonconventional detection methods that has received great attention is quantitative light-induced fluorescence (QLF). This method has been shown to be sensitive for the detection of early incipient lesions selin de Jong et al., 1995; Ando et al., 1997 Ando et al., , 2001 Ando et al., , 2004b Angmar-Mansson and ten Bosch, 2001; Shi et al., 2001; Tranaeus et al., 2001; Amaechi et al., 2003; Gonzalez-Cabezas et al., 2003; Heinrich-Weltzien et al., 2005; Stookey, 2005; Pretty, 2006; Pretty and Ellwood, 2007] , but it is subject to confounding effects of saliva [Amaechi and Higham, 2002] , drying time [Pretty et al., 2004] , angulation [Buchalla et al., 2002; Ando et al., 2004a] and stain [Shi et al., 2001 ] among others factors [Heinrich-Weltzien et al., 2005] . Additionally, although QLF parameters (lesion depth expressed as ⌬ F and lesion volume expressed as ⌬ Q) have been shown to have a higher sensitivity when compared to other methods for detection of early caries lesions [Ferreira Zandoná et al., 2003 ] because the QLF analysis software detects any change in pixel values as demineralization, their specificity is greatly compromised. In a previous study, allowing the examiner to determine from the QLF image the presence or absence of a lesion yielded the best combination of sensitivity and specificity values for the detection of occlusal and smooth surface caries on deciduous teeth [Ferreira Zandoná et al., 2003] . Therefore, if QLF can be used to supplement clinical caries detection, such as by using ICDAS criteria, it may be possible to have clinically meaningful assessments by providing measurements over and above the noise of arrested initial and subclinical lesions [Pitts, 2004] . This article describes a methodology being used in a 4-year longitudinal study where a combination of ICDAS and QLF is being used to monitor lesion progression.
Subjects and Methods
Children (n = 569) from kindergarten to 9th grade public schools in the area of Aguas Buenas, Puerto Rico, were recruited and consented in January 2007, as approved by the institutional review board committees of Indiana University and the University of Puerto Rico (IU IRB No. 0608-15 and UPR IRB No. A1340107). The sample size was chosen based on preliminary data in order to have a sufficient number of clinically significant lesions at the end of the 4-year study. For inclusion in the study, children had to be between 5 and 13 years of age, have at least 1 permanent molar with at least 1 unrestored surface, have no medical problem that contraindicated participation, and allow examination of the oral cavity, including radiographs and digital photographs.
The children received an oral soft tissue examination and an examination by a single calibrated examiner using the ICDAS criteria followed by a QLF examination using modified ICDAS criteria (QLF-I) at baseline, 8 months and 12 months ( table 1 ). Full mouth examinations were conducted using the ICDAS criteria following the committee guidelines , but only the occlusal and buccal surfaces of all permanent molars as well as the lingual surface of upper molars were examined and imaged by QLF (QLF Pro; Inspektor Research Systems, Amsterdam, The Netherlands). QLF examinations were conducted in a controlled, darkened environment immediately after the same examiner had completed the ICDAS examination. The ICDAS data, collected in tablet PCs using a custom-made software (Optiform, Indianapolis, Ind., USA), were transferred from the ICDAS form to the QLF-I form. In this manner, the examiner was able to determine if the lesion was scored using the ICDAS criteria prior to determining the QLF-I score. This 'bias' was tolerable to allow a real-life combination of the 2 methods, which was expected to allow allocating a higher specificity to QLF without decreasing its sensitivity. Repeat examinations were conducted in 10% of the children. Prior to the examinations, the teeth were brushed and flossed by study personnel. Repeatability of the ICDAS and QLF-I examinations was assessed using weighted kappa statistics. The association between ICDAS and QLF-I scores was evaluated using two-way contingency tables and Kendall's tau-b correlation coefficients.
Results
A total of 569 children completed the baseline examination, 484 children completed the 8-month examination and 460 children completed the 12-month examination. The average age at baseline was 9.7 (SD 2.2) years. The vast majority of the children were Hispanic (91%) and 51% were males. On average, the DMFT score was 6.0 (SD 5.8) at baseline and 6.4 (SD 6.3) at 12 months. At baseline, 9.5% of the children had at least 1 sealant and 63% of the children had at least 1 filling. The average number of baseline surfaces with an ICDAS score of at least 1 was 14.5 (SD 11.2); 6.7 (SD 6.6) surfaces had a score of at least 3, and 5.8 (SD 6.2) had a score of at least 5.
Combining the repeat examinations performed at the baseline and 12-month exams, the intraexaminer repeatability was similar for the ICDAS and QLF-I examinations (results are presented only for surfaces evaluated by both methods). The weighted kappa for the ICDAS was 0.78, 0.70 and 0.76 for occlusal/buccal pit/lingual groove surfaces, smooth surfaces and combined surfaces, respectively. The weighted kappa for the QLF-I was 0.79, 0.72 and 0.78 for occlusal/buccal pit/lingual groove surfaces, smooth surfaces and combined surfaces, respectively.
To evaluate the relationship between the ICDAS and QLF-I examinations, data from the baseline, 8-month and 12-month examinations were combined. The correlations between ICDAS and QLF-I examinations were 0.79, 0.74 and 0.77 for occlusal/buccal pit/lingual groove surfaces, smooth surfaces and combined surfaces, respectively ( table 2 ) . QLF-I examinations scored more lesions as 1 and 2 than the ICDAS. Additionally, more codes 4 were scored during the QLF-I examination than during the ICDAS examinations on occlusal surfaces.
Both examinations were able to detect changes in lesions from baseline to 12 months ( table 3 ) . Using the ICDAS, 21% of the occlusal/buccal pit/lingual groove surfaces and 11% of the smooth surfaces showed progression of the lesion scores between the baseline and 12-month examinations. A greater percentage of surfaces were determined to have increased lesion scores using the QLF-I, where 29% of the occlusal/buccal pit/lingual ,391  344  102  6  2  3  1  65  264  269  14  8  2  2  9  36  331  63  55  15  3  0  0  9  1 8  1 9  2 2  4  1  1  6  4  57  19  5  0  1  1  1  0  6 1   Smooth surfaces  0  2,220  205  49  1  1  8  1  136  247  60  0  0  2  2  10  59  174  6  0  2  3  1  1  4  1  0  1  4  0  0  0  0  0  0  5  1  0  1  0  0  1 7   Combined surfaces  0  3,611  549  151  7  3  11  1  201  511  329  14  8  4  2  19  95  505  69  55  17  3  1  1  13  19  19  23  4  1  1  6  4  57  19  5  1  1  2  1  0  7 8 groove surfaces and 10% of the smooth surfaces showed progression of the lesion scores. Interestingly, smooth surface lesions that were scored 2 using either method at baseline rarely progressed by the 12-month examination and often had a reduced score at 12 months.
Discussion
It has been reported that dentists are diagnosing young patients and adults with occlusal lesions at the noncavitated level more frequently [Kühnisch et al., 2001 ] and the ICDAS is particularly useful in clinical investigations, adding lesions that would not be recorded in the WHO system [Kühnisch et al., 2008] . Although the sensitivity of the visual method using the ICDAS criteria is higher (0.59-0.73) than traditionally reported [Jablonski- Momeni et al., 2008; Rodrigues et al., 2008] , it is still lower than that of some of the technology-based methods. Nevertheless, to date, none of these technology-based methods can be used as a stand-alone approach. They should be an adjunct to clinical decision-making to aid in early caries diagnosis since detection is only part of the diagnostic process necessary to properly assess a patient's caries risk status [Zandoná and Zero, 2006] . QLF has shown great promise as an early caries detection method, but it is weighed down by several confounding factors such as stain [Shi et al., 2001] , saliva [Amaechi and Higham, 2002] , dehydration [Pretty et al., 2004] and angulation [Ando et al., 2004a] , which can limit its applications. The combination of this method with the ICDAS is a great fit to allow the best characteristics of both methods to come forward: the high sensitivity of QLF and the high specificity of the visual method. This ongoing longitudinal study has combined ICDAS examinations with QLF to monitor lesion progression.
Both methods, the ICDAS and QLF, were able to follow the increase in average DMFT scores from baseline to 12 months. Even though QLF in our study has been used as a visual aid, and the analysis function has not been used, the examination aided by QLF detected more lesions, mainly of scores 1 and 2, than the ICDAS, similar to the findings by Kühnisch et al. [2008] , where analyses of QLF images detected more lesions than visual examination. It is of interest to observe that QLF detected more scores deemed as 4 using the QLF-I criteria (almost 50% more) than the ICDAS on occlusal surfaces, which is of clinical significance as these lesions are expected to be in the inner half of the dentin, compared to lesions of ICDAS scores 2, which would be expected to be in the inner enamel or outer dentin. Although the QLF-I criteria are not in vitro-validated criteria, the data shown here indicate an alignment with the ICDAS criteria. Further analyses of the images and follow-up of the progression of the lesions should confirm this trend.
Nevertheless, detecting early lesions is of little significance if these lesions are not active and do not progress. In our population, during this 12-month period more lesions on occlusal surfaces were transitioning to a more severe score (34% of the lesions scored as ICDAS 1 or 2 at baseline) than transitioning to a less severe score (17% of the lesions scored as ICDAS 1 or 2 at baseline). This result is similar to those found by Rugarabamu et al. [2002] , who reported a progression of 30-47.9% of occlusal lesions at 1 year, even though that population had a lower caries prevalence than the population in our study. For lesions on smooth surfaces, the opposite was true (14% transitioning to a more severe score vs. 37% transitioning to a less severe score). This trend was similar for the lesions detected by QLF-I, with 38% of lesions on occlusal surfaces scoring 1 or 2 at baseline transitioning to a more severe score at 12 months and 10% transitioning to a less severe score. Again, lesions on smooth surfaces had the opposite trend: 10% transitioned to a more severe score, while 30% transitioned to a less severe score.
In conclusion, the combined methodology has the clinical potential to allow earlier detection of lesions, which on occlusal surfaces are likely to progress.
